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PROCESS FOR REDUCING THE VISCOSITY OF NATURAL CARBOHYDRATE GUMS 



This invention pertains to a process for reducing the viscosity of a hydrolyzable 
5 partially hydrated natural carbohydrate gum. 

A number of natural gums have been used in a variety of food and 
pharmaceutical applications. The utility of these gums has been limited in part by their general 
availability in only a narrow molecular weight range. Guar gum, for example, is a relatively 
high molecular weight gum. As a result, it may not be suitable for use in certain formulations, 
1 0 since excessively high viscosities result For instance, high molecular weight gums are generally 
not suitable for use in film coating applications, since most film coating applications require 
the use of solution concentrations of 10 percent or more to obtain sufficient film thickness. At 
these high concentrations, high molecular weight gums result in solutions so viscous that they 
cannot be handled by typical film coating equipment. . 

^ 5 U.S. Patent 3,300,473, which issued on January 24, 1967, discloses a process for 

degrading a natural gum comprising; (1) impregnating a finely divided or pulverulent mass of 
the gum with a reactant capable of degrading or othenvise modifying the gum chemically, 
e.g., hydrochloric acid gas; (2) heating the impregnated material under vacuum and with a 
gradual increase in temperature to continuously decrease the water content until the material 

20 is dehydrated so extensively that practically no moisture will evaporate from the mass tn the 
ensuing treatments; (3) subjecting the material to an increased temperature in the absence of 
oxygen; and (4) cooling the material in the absence of oxygen. This process poses several 
disadvantages. Step 2 requires heating under vacuum to extensively dehydrate the 
impregnated gum. Steps 3 and 4 require heat treating the material in an oxygen free 

25 environment Such features add to the cost of the finished product. 

U.S. Patent 2,553,485, which issued on May 1 5, 1951, discloses a process for 
producing low viscosity manno-galactan compositions comprising heating powdered manno- 
galactan material at high temperatures and in a substantially dry condition, optionally in the 
presence of an acid, e.g., gaseous hydrochloric acid. A 1 percent aqueous dispersion of the 
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resultant material is reported to have a viscosity of not more than 1 5 mPa s at 30**C tt is 
reported to be desirable to carry out the degradation at the lowest temperature possible. It is 
reported that a suitable temperature range is from 1 1 5'C to 16(y*C When an acid is present, 
the reported preferred temperature range is between 120Xand 140X. The high temperatures 
contemplated suffer the disadvantage of adding to the cost of the finished product 

As set forth in "Dietary Fiber from Guar Plant Seed", authored by Hidehisa 
Takahashi of Taiyo Kagaku Company, Ltd., it is known to enzymatically digest guar gum with 
beta-D-mannanase produced by Aspergillus niqer to obtain a purified low molecular weight 
low viscosity guar gum. See, also. Food Engineering. April 199Q, page34. 

Those in industry would find great advantage in a process for reducing the 
viscosity of natural gums which does not involve the disadvantages of the prior art. In 
particular, the advantageous process would not involve heating the gum to the point of 
dehydration, heating under vacuum, heating at temperatures in excess of 100X and/or 
cooling in an oxygen free environment Further, the advantageous process would utilize 
readily available and inexpensive reagents, e.g., hydrochloric acid, rather than, e.g., enzymes. 

Accordingly, this invention pertains to a process for reducing the viscosity of a 
hydroiyzabie partially hydrated natural carbohydrate parentgum, comprising: 

(a) contacting the partially hydrated parent gum with an acid at a 
temperature between SS^C to 100X to form a hydrated precursor; 

(b) purging the hydrated precursor with a purge gas to at least partially 
remove residual acid; and 

(c) neutralizing any residual acid not removed by the purging of step (b) with 
a base to form a product gum, 

whereby a 2 weight percent aqueous dispersion of the product gum has a viscosity at 20*'C 
substantially less than the viscosity at 20''C of a 2 weight percent aqueous dispersion of the 
parentgum. 

These reduced molecular weight versions of natural gums may be useful in film 
coating applications, as excipients, as binders, as food rheology modifiers, and as a source of 
dietary fiber, as welt as having other uses. 

The following detailed description more fully discusses various embodiments of 
the subject invention. 

Currently, there is a great interest in natural hydrophilic gums as possible film- 
formers and as a source of dietary fiber to impart health benefits. To be useful in film-forming 
applications, or to be palatable in food applications, however, the fiber or gum must be fairiy 
low in viscosity. Most natural gums, such as guar gum, are too viscous for these applications. 

The subject process is useful to produce low viscosity samples of partially hydrated 
hydroiyzabie natural carbohydrate gums such as guar gum, locust bean gum, and gum karaya 
In particular, the subject process resuttsin a product gum, wherein the viscosity of a 2 weight 
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percent aqueous dispersion of the product gum is substantially less that that of the parent 
gum. As used herein, the term ''viscosity substantially less than' means that the viscosity at 
20"C of a 2 weight percent aqueous dispersion of the product gum is at least about 50 percent 
less than the viscosity at 20X of a 2 weight percent aqueous dispersion of the parent gum at 
5 the applicable shear rate. More preferably, the viscosity at 20X of a 2 weight percent aqueous 
dispersion of the produa gum is at least about 75 percent less than the viscosity at 20*C of a 2 
weight percent aqueous dispersion of the parent gum at the applicable shear rate. Even more 
preferably, the viscosity at 20*C of a 2 weight percent aqueous dispersion of the produa gum is 
at least about 95 percent less than the viscosity at 20*'C of a 2 weight percent aqueous 
^0 dispersion of the parent gum atthe applicable shear rate. 

The inventive process usefully provides gums wherein the viscosity of a 2 percent 
aqueous dispersion thereof is less than about 25 mPa s, as measured using a Brookf iefd cone 
and plate viscometer at a temperature of 20X and at a shear rate between about 5 sec' and 
about 1 20 sec'\ The inventive process further usefully provides gums wherein the viscosity of a 
1 5 2 percent aqueous dispersion thereof is less than about 1 0 mPa s, as measured using a 

Brookfield cone and plate viscometer at a temperature of 20*'C and at a shear rate between 
5 sec*^ and 1 20 sec \ The inventive process further usefully provides gums wherein the viscosity 
of a 2 percent aqueous dispersion thereof is less than about 5 mPa s, as measured using a 
Brookfield cone and plate viscometer at a temperature of 20**C and at a shear rate between 
20 5 sec' and 120sec*\ 

Preferred gums are hydrolyzable. As used herein, "hydrolyzable" means that the 
selected gum can be at least partially depolymerized to lower molecular weight units by acid 
hydrolysis. Pref enred gums will be hydrolyzable without the addition of more than about 
0. 1 moles of acid/1 00 grams of gum. More preferred gums will be hydrolyzable without the 
25 addition of more than about 0.03 moles of acid/1 00 grams of gum. 

Preferred gums are partially hydrated. As used herein, "partially hydrated*" 
means containing water of hydration sufficient to facilitate the acid hydrolysis reaction, yet 
insufficient to deleteriously affea properties. The presence of between 1 and 5 weight 
percent water of hydration facilitates the acid hydrolysis reaction. The presence of between 6 
and 20 weight percent water of hydration, while not deleterious to the reaction, is less 
prefen-ed due to the need to later remove such excess water to minimize packing together of 
the produa gum particles. The presence of more than about 20 weight percent water of 
hydration is not preferred due to the increased cost of later removal, i.e., partial dehydration. 

As used herein, "natural carbohydrate" gum means a gum originating from a 
naturally occurring and harvested source, as opposed to a chemically synthesized gum. 
Suitable natural carbohydrate gums include, e.g., guar gum, locust bean gum, and gum karaya. 

The inventive process involves a controlled acid hydrolysis of the desired partially 
hydrated hydrolyzable natural carbohydrate gum. In particular, guar gum, locust bean gum. 
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and gum karaya have been successfully modified by adding a sufficient amount of an add to 
the gum, holding the acidified gum for a sufficient time at a suitable temperature, and then 
removing and/or neutralizing the resrdual add. Lower molecular weight versions of the gums 
result, and dispersions of these reduced molecularweight gums exhibit substantially lower 
5 viscosities than dispersions of the parent gums at the same concentration and at the same 
temperature and applicable shear rate. 

Suitable acids will serve to hydrolyze the gum, without otherwise destroying its 
molecular structure. While any protic acid source would hydrolyze the gum, e.g. organic acids, 
preferred acids include mineral acids such as hydrochloric acid, hydrobromicacid, and sulfuric 
^ 0 acid. Preferably, the acid will be hydrochlonc acid. 

As used herein, "sufficient amount of an acid'' means an amount of acid useful to 
form a product gum, wherein the viscosity of a 2 weight percent aqueous dispersion thereof is 
substantially less than that of a 2 weight percent aqueous dispersion of the parent gum. 
Preferably, the acid will be provided at a use level of less than about 0.1 mole of H* ions/100 
1 5 grams of the selected gum. More preferably, the add will be provided at a use level of less than 
about 0.03 moles of H * ions/1 00 grams of the selected gum. 

Preferably, the add will dosely contact the gum to facilitate a substantially 
complete reaction. Accordingly, gaseous hydrochloric acid is a preferred add, as it can 
permeate between the gum particles. Further, gaseous hydrochroricacid affords the 
20 advantage of not adding additional water to the system, which would later need to be 

removed to produce a powdered low viscosity gum. Should the economics involved with water 
removal not be problematic, aqueous add solutions may be used rather than gaseous acid. 
Preferably, the use of such liquids would be accompanied by suitable mixing to facilitate the 
desired acid-gum contact 
25 Suitable reaction temperatures are those which would promote the hydrolysis 

reaction. Preferred temperatures are between SS^'C and 100*C More preferred temperatures 
are between 45X and 80"C. 

As used herein, the term contacting "for a suitable period of time' means that 
the hydrolysis reaction should be allowed to proceed to the desired degree of completion, i.e.. 
30 for a time sufficient to attain the desired reduction in viscosity. In general, the longer the 
contaa, the greater the degree of viscosity reduction. As set forth below in the examples, 
contacting guar gum in the presence of hydrogen chloride gas for 26 hours at a temperature 
between about 45°C and about 50°C produces a low viscosity gum. Contacting guar gum with 
hydrogen chloride gas for about 18 hours at a temperature of about 60®C, contacting gum 
35 karaya with hydrogen chloride gas for about 6 hours at a temperature of about 60X, and 

contacting locust bean gum with hydrogen chloride gas for about 48 hours at atemperature of 
about 60**C, likewise produce suitable low viscosity gums. From an economic perspective, 
preferred contacting times are less than about 48 hours. 
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Contacting the hydrated gum with an acid at a suitable temperature for a 
suitable time, as described above, forms a hydrated precursor. As used herein, "hydrated 
precursor" means the hydrolyzed version of the hydrolyzable, partially hydrated, natural 
carbohydrate gum. During the contemplated acid hydrolysis reaction, a portion of the water of 
5 hydration contained in the parent gum is consumed. There is no perceived advantage to 
further driving off water of hydration remaining in the hydrated precursor. 

Preferably, the hydrated precursor will be purged with an Inert purge gas, to at 
least partially remove residual acid. As used herein, "inert" means non-reactive with the 
hydrated precursor. Preferred purge gases include air and nitrogen. Suitable purge times will 
1 0 depend on. e.g., the desired extent to which the acid is to be removed, the flow rate of the gas. 
whether the hydrated precursor is agitated during purging, etc The selection of suitable flow 
rates and the implementation of agitation are well understood by those skilled in the art. 
Purging is typically conducted for between about 10 minutes and about 4 hours. From an 
economics standpoint, purging should preferably be accomplished within about one hour. 
15 Acid remaining in the product upon purging may be neutralized with an 

appropriate base. Preferred bases are weak bases suitable to form a self-buffering system, e.g.. 
phosphates, organic add salts, etc, as well-known to those having skill in the art. Particularly 
preferred bases include alkali metal carbonates and bicarbonates due to the formation of 
carbon dioxide upon neutralization. More particulariy preferred bases include sodium or 
D potassium bicarbonate or carbonate. A most preferred base is sodium bicarbonate. 

The selected base will be added in an amount to result in a product gum have a 
pH appropriate for the end use contemplated. The adjustment of pH of an acidic product using 
an appropriate amount of an appropriate base is well-understood by those skilled in the art. 
Should a neutral product gum be desired, i.e., a produrt gum having a pH of 7. e.g., for gumsto 
; be consumed, the selerted base will preferably be added in a stoichiometric amount The 
stoichiometric amount may be determined by titrating the purged product to determine the 
amount of residual acid. To fadlitate a full neutralization, the purged hydrolyzed natural 
carbohydrate gum and the selected base are thoroughly mixed together. 

The viscosity of a 2 weight percent aqueous dispersion of the product gum may be 
conveniently measured at a temperature of 20»C using a Brookfield cone and plate viscometer, 
available from Brookfield Engineering Co.. Inc. (Stoughton. MA). The subject process provides 
gums wherein the viscosity of a 2 weight percent aqueous dispersion thereof is less than about 
1 00 mPa s at a shear rate between about 5 sec ' and about 60 sec The subject invention 
produces product guar gum wherein the viscosity of a 2 weight percent aqueous dispersion 
thereof is less than about 1 0 mPa s. as compared to a viscosity of a 2 weight percent aqueous 
dispersion of the parent guar gum in excess of about 1 0.000 mPa s. The subject invention 
produces product locust bean gum wherein the viscosity of a 2 weight percent aqueous 
dispersion thereof is less than about 5 mPa s, as compared to a viscosity of a 2 weight percent 
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aqueous dispersion of the parent locust bean gum in excess of about 10,000 mPa s. The subject 
invention produces product gum karaya wherein the viscosity of a 2 weight percent aqueous 
dispersion thereof is about 25 mPa s as compared a viscosity of a 2 weight percent aqueous 
dispersion of the parent gum in excess of about 500 mPa s. 
5 The following examples are provided for the purpose of explanation rather than 

limitation. 
Example 1 

One kilogram of guar gum powder was loaded into a one gallon (3.8 L) closed 
container. Using a syringe, 6500 cm^ of hydrogen chloride gas was introduced to the container 

\ 0 through a septum, with mixing. The contents were mixed continuously for 26 hours at a 
temperature between 45^C and 50°C. The product was purged with air for one hour, and the 
amount of remaining acid was determined by titration of a sample with base. The purged guar 
gum was thoroughly mixed with a stoichiometric amount of powdered sodium bicarbonate to 
neutralize the residual acid. The viscosity of 2 weight percent aqueous dispersion of a sample 

) 5 processed in this manner, measured using a Brookfield cone and plate viscometer, was 72 mPa-s 
at 20X and at a shear rate of 6.0 sec'^ This compares to a measured viscosity of 1 8,756 mPa-s at 
20*^0 and at a shear rate of 5.0 sec'^ for a 2 percent aqueous dispersion of the unmodified 
hydrated gum. 
Example 2 

20 One hundred grams of a gum as specified in the following Table One were loaded 

into a 1000 mL round bottom flask that was then mounted on a Buchi rotary evaporator. The 
assembly was fit to provide an all glass system that could be evacuated, vented, and charged 
with a gas. The flask containing the gum was evacuated for 5 minutes using an aspirator. 
Using a 1 000 mL syringe, an amount of hydrogen chloride gas as specified in the following 

25 Table One was introduced into the flask with mixing. On the scale of this example, a 1 percent 
by weight charge of hydrogen chloride gas corresponds to 650 mL Air was then drawn into the 
system to equilibrate to atmospheric pressure. The inlet valve was then closed. The closed flask 
was heated in a 60X water bath with rotation for the indicated time. After reaction, the 
sample was cooled and the residual hydrogen chloride was neutralized with a stoichiometric 

30 amount of sodium bicarbonate. Viscosities of 2 percent aqueous dispersions of the hydrated 
parent gums and the product gums were measured using a Brookfield cone and plate 
viscometer at 20''C The data are set forth in the following Table One. 

The process as applied in Example 2 to xanthan gum and sodium alginate, is not a 
part of the present invention, due to the inadequate viscosity reductions achieved. While not 

35 wishing to be bound by theory, it is believed that the resistance of xanthan gum and sodium 
alginate to acid hydrolysis may be attributed to the greater number of carboxylate functional 
groups present in the molecular structures thereof which serve to buffer or neutralize an 
equivalent amount of added acid. 

-6- 
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Table One 





Guar 
Gum 


Gum 
Karaya 


Locust 
Bean Gum 


Xanthan 
Gum 


Sodium 
Alginate 


Initial viscosity 
(mPas) 


10,420 


528 


10.970 


11-010 


177 


Applicable Shear 
Rate (sec-1) 


10 


12 


10 


2 


60 


Added HCl(wt%) 


0.9 


1 


1 


3 


1 


Reaction time 
(hours) 


18 


6 


48 


6 


24 


Final viscosity 
(mPas) 


8.4 


25 


2.0 


20,940 


151 


Applicable shear 
rate (sec'i) 


60 


12 


120 


2 


60 



The above sets forth particular embodiments of the subject invention. Obvious 
variations will be apparent to those skilled in the art. Accordingly, the scope of this invention 
should be determined only by reference to the appended claims. 
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1 . A process for reducing the viscosity of a hydrolyzable partially hydrated 
natural carbohydrate parent gum comprising: 
5 (a) contacting the partially hydrated parent gum with a suffident amount of 

an acid at a temperature between about 35^C and about 1 0O'^C to form a 
hydrated precursor; 
(b) purging the hydrated precursor with a purged gas to at least partially 
remove residual acid; and 
10 (c) neutralizing any residual add not removed by the purging of step (b) with 

a base to form a product gum, 
whereby a 2 percent aqueous dispersion of the product gum has a viscosity substantially less 
than the viscosity of a 2 percent aqueous dispersion of the parent gum, 

2. The process of Gaim 1 , wherein the partially hydrated parent gum is guar 
15 gum, locustbean gum, or gum karaya. 

3. The process of Oaim V wherein the partially hydrated parent gum contains 
between about 1 and about 20 weight percent water of hydration. 

4. The process of Claim 1 , wherein the partially hydrated parent gum contains 
between about 1 and about 5 weight percent water of hydratioa 

20 5. The process of Qaim 1 , wherein the add comprises a mineral add. 

6. The process of Qaim 4, whereinthe add is a gas atthe point of contacting. 

7. The process of Qaim 4, wherein the acid comprises gaseous hydrogen 

chloride. 

8. The process of Qaim 1, whereinthe viscosity of the 2 percent aqueous 
25 dispersion of the product is less than about 100 mPasatatemperature of about 20°C and ata 

shear rate between about 10 and about 120 sec~\ as measured using a Brookfield cone and 
plate viscometer. 

9. The process of Qaim 1 , wherein the viscosity of the 2 percent aqueous 
dispersion of the produa is less than about 25 mPa-s at a temperature of about 20^*0 and at a 
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shear rate between about 10 and about 120 sec*\ as measured using a Brookfield cone and 
plate viscometer. 

1 0. The process of Claim 9, wherein the partially hydrated parent gum is guar 
gum, locust bean gum, or gum karaya. 

5 11. The process of Claim 1 , wherein the viscosity of the 2 percent aqueous 

dispersion of the product is less than about 1 0 mPa s at a temperature of about 20*C and at a 
shear rate between about 10 and about 120 sec \ as measured using a Brookfield cone and 
plate viscometer. 

1 2. The process of Claim 1 1 , wherein the parent gum is guar gum or locust 

)0 bean gum. 

13 . The process of Claim 1, wherein the viscosity of the 2 percent aqueous 
dispersion of the produa is less than about 5 mPa s at a temperature of about 20^C and at a 
shear rate between about 1 0 and about 1 20 $ec'\ as measured using a Brookfield cone and 
plate viscometer. 

15 14 • The process of Oaim 1 2, wherein the partially hydrated parent gum is 

locust bean gum. 

15 . The process of Oaim 1, wherein the purge gas is air or nitrogen. 

1 6 . The process of Qaim 1 , wherein the neutralizing cornprises titrating the 
purged hydrated precursor to determine the concentration of the residual acid, and adding a 

20 stoichiometric amount of the base to completely neutralize the residual acid. 

1 7 . The process of Claim 1 , wherein the base is sodium bicarbonate, sodium 
carbonate, potassium bicarbonate or potassium carbonate. 

1 8 . The process of Claim 1, wherein the base comprises sodium bicarbonate. 

25 
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